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ABSTRACT 


Fifty-four male Wistar rats were randomly assigned to a 
pair-fed and an ad-libitum feeding group with half of the animals in 
each group trained to run on a rodent motor-driven treadmill five 
days per week, for one hour per day at 26.8 meters per minute for nine 
to thirteen weeks. Approximately half of the exercised animals were 
sacrificed immediately following an exhaustive run of two to two and 
one-half hours. All other animals were sacrificed at rest. 

Analysis of results indicated that chronic moderate 
exercise had little effect upon organ weights, glycogen storage, and 
FFA concentrations. Slightly increased adrenal and greatly decreased 
epididymal fat pad weights were found in chronically exercised rats. 
Exhaustive exercise resulted in a decrease in spleen and liver weights, 
decreased liver glycogen values and increased plasma and tissue FFA 
concentrations. Pair-fed animals demonstrated significantly reduced 
total body and organ weights as compared to the ad-libitum fed animals. 


No additional dietary effects were noted. 
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CHAPTER I 


INTRODUCTION 


It is well established that carbohydrates and fats participate 
in providing energy for different intensities and durations of exercise. 
Although carbohydrates were long considered to be the major, if not 
the only, fuel for muscular exercise, the importance of lipids during 
muscular exercise has been substantiated within recent years (Cobb 
and Johnson, 1963; Keul et al, 1967 and Taylor, 1972). 

In brief, intensive exercise, the primary energy source is 
carbohydrate in origin, although Pruett (1970) found that, even at 
extreme exercise intensities, probably ten percent of the energy is 
derived from lipid stores. During moderate exercise in which there 
is no increase in the blood lactate level, the utilization of fat as 
a fuel may provide 25% to 90% of the energy for the aerobically 
working muscle (Gollnick et al, 1970; Issekutz et al, 1970). At 
this exercise intensity, however, it has been shown that the fuel 
substrate is in a transitory state from the beginning of exercise to 
a steady-state condition (Astrand and Rodahl; Pruett, 1970a), 
utilizing glycolytic resources while transferring to lipid metabolism. 
The initial level of muscle glycogen has been shown to affect the 
duration of the intensive exercise (Hultman, 1967), while that 


glycogen content in turn may be altered by the carbohydrate intake 


-9el079KS to eaqokjsyub bas oer Y : 


vieqtoitzeq e163 baa eazeibylodses Sera bellakided 


> * 


4 
jon 24 , totem of3 sd OF borsb tena ae 713 


ddv9) exssy avast atisiw poet eh niet 2 seroeons - t 
(SVOL ~tolysT bac VoRl dia 49 lust eae! -rowadot ba 


= 


ek sowoe yagrons yipmixq 363 »s2towsxs aviariagnt atid al 


2 
3 aeve ,iods inset ane) Jionz1 faucana nkgtzo nt o1eibytods6, 7 
at yarone ons 2o ees na3 yfdadorg \esishensint saisixe an i 
sisi? dothw nt satorexs 93e79bon anim 297022 biert mor? eta | 

ap dei 30 nolyash£isu ods ,Level steaosh nts ofl4 ak sanszont on at 

yiisoidors4 91) 102 yarsas bed to 108 a1 Wel sbivorg yaar took 

sh .(OteL ,fe 49 sdudsert soyer .£8 49 totalled) ‘sfoeum miso n 
{out oft toda mwotle ased ean 4% <Tavewed ~vilenssnt setomexs outs i | . 

03 setaiexe to gatnolgod ads movt. agnae qivstensy3 B ot et ie 
(eOvO! ,a49u7F pidebo# bre baexaad) nok ibbnos o3e78-ybs098 
sWatfodutea biqil oF gakixsianes3 obit aootuons ot netoattg, gute 
Ba 300028 69 mode nasd end Saris. shovum Yo favel muna Y 
Jed atuty , (VAUD me amt ce arenas 9 ans - 


pdnank sterivdodse9: edd ‘Gt bensate a eee ok Prd 


bee 


re } L ; : aan atu 
a 4 i 4) 


> 


y 
tee ; 


(Bergstrom et al, 1967; Saltin and Hermansen, 1967). 

Leveille and Chakrabarty (1967) determined that a sedentary 
rat fed ad-libitum may store an excessive amount of muscle glycogen 
for energy. Normally, rats feed in small amounts all day in order 
to maintain an essentially constant availability of nutrients for 
absorption from the intestine. The muscles investigated were smooth 
muscle; none of the exercise effects were included in the study. 
However, with an unlimited availability of food, exercised animals 
are known to restrict their intake to maintain a net energy balance 
with their level of activity (Thomas and Miller, 1958). To date, 
no conclusive data exists comparing the energy sources of exercised 


and sedentary rats with identical food intake levels. 


Statement of the Problem 


The purpose of this study was to investigate the effects 
of pair-feeding and exercise on the energy sources, total body 
weight, and organ weights of trained and sedentary rats. The 
following parameters were measured: total body weight, organ weights, 
muscle and liver glycogen, blood glucose, muscle and blood lactates, 


plasma and fat pad free fatty acids. 


Rationale Behind the Study 


In examining substrates available for muscular exercise, 


many authors have discussed some of the relationships of diet to the 
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storage of energy sources (Mitchell, 1926; Mayer et al, 1954; 
Pernow and Saltin, 1971). The effects of training and diet have 
been examined by Saltin and Hermansen (1967). Diets composed of 
varying amounts of carbohydrates have been studied to determine 

the effect upon muscle glycogen and fat deposition in sedentary 
animals (Bergstrom et al, 1967). In addition, a technique of 
equalized food intake between different experimental groups has 
been employed in various investigations to determine differences in 
utilization and mobilization of energy substrates. Chesters and 
Quarterman (1970) researched the effects of zinc deficiency 
employing the pair-—feeding technique of food equalization on rats. 
Leveille and Chakrabarty (1967) examined the absorption and 
utilization of glucose of sedentary rats on a pair-feeding program. 
However, no previous investigations have been conducted to determine 
the storage and mobilization of energy source in exercise and 


sedentary rats maintained on a pair-fed diet. 


Limitations and Delimitations of the Study 


1. The study was confined to the male Wistar rat between 
8 and 24 weeks of age. 

2. Food intake was equalized on a pair-fed basis determined 
by the exercised animal. 

3. Only one intensity of endurance training was used. In 
addition, some trauma could have resulted from the electrical 


shocking devise on the treadmill. 
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CHAPTER II 


REVIEW OF LITERATURE 


Diet 


A number of investigators have studied the basic physiological 
aspects of diet as it is affected by exercise (Mitchell, 1926; 
Mayer et al, 1954; Thomas and Miller, 1958; Bergstrom et al, 1967; 
Hultman, 1967; Saltin and Hermansen, 1967; Gollnick and Taylor, 1968; 
Parks, 1969). It is of interest that Mayer et al (1954) noticed 
that, within a sedentary range of activity, rats show no increase in 
food intake. Additionally, no decrease in food intake is seen to 
follow a decrease in activity level. In support of this, Thomas and 
Miller (1958) found a decrease in food intake, and in spontaneous 
overnight activity, in rats given forced exercise during the day. 
However, an increase in food intake was noticed on the rest days. 
In this way, no over-all weight drop occurred due to the increased 
activity. It is not known whether disruption in the normal pattern 
for the nocturnal rat or a stress reaction from the exercise caused 
the decrease in food intake. None of the present hypotheses 
regarding regulation of food intake can explain this phenomena 
(Stevenson, 1967). Parks (1969) maintains that rats will regulate 
their food intake according to their utilization, adjusting to a 
new "set" position with a change in activity. Mayer et al (1955) 


attributes this to the blood glucose levels. 


festgototayity stead ofa betbure ove exosngizasval to vedo A "- 

facet ,ffotiotfM) setoroxs yd peusataeet af #5 getb Yo ndgaqas ] 

*$a0l ,Is do morteyzad ;B2C! .a9LTiM ban eamorT ;6¢er , bey 39 rowel . 
-880F .xolysT baw Jstaffed Gteel ,osenamrs bas mtsine ;TaeL » hawed CoH 
bustton (A20L) fe $9 seenM Jody Jed¥edot to ak 9T =. (OCT ~edeed 

al sansxoot on woe eist ,ystyiios Yo sgfox yistnebse & nidviw ,3ed9 : 


07 nghe 2) odhtul boo? at sensyoob oa, eifanolribbA .whesat boot ‘. we 


vob sf2 aqtxob. seinrers bsaxyoi asvtg ates ot ,wivtrse iighmteve Mi 7 


" bok Gamohl jatra Ie atagque nl .lovs! valvidos at seeorssh & vollo® 


Biuogabineqe at bos .sds9ni bool n) s#aet2eb & brit (820d +ST 0M 


8Y8b 3A95 as ne ‘hookibn vaw SHtetat bidet ob sesexoet os TavewoH 
barsstoni Jia 2 oath bay10990 qorb tigtsw ILe-sovo of , yaw ekd? at 
Greiteq Iamion, oA) ‘a nok Iqurve th sodsodw neon Jon ak 31 dito a 
bees sekoipxe ‘oa mort ao} 2 ame 249236 .8 1 tex tantyIo0N 9My xt 


sansiianyd anseonq ons to snot \extedat heed at qeaetseb Dota r 
pti aia es ae to re sono 


Mitchell and Beadles (1930) developed a method by which 
the effects of a variable food intake were eliminated to insure a 
clear interpretation of the results with reference to one deliberately 
imposed variable, in this case, exercise. In the original 
experiments, Mitchell and Carmen (1926) found that, on the identical 
diet, two rats may gain approximately the same weight during the same 
time interval, yet their body compositions may vary. If the diets 
of the same amount are nutritionally the same, the energy storage 
difference may be explained by the differences in the ability to 
utilize the various nutrients. Exercise variations are an example 
of treatments causing a difference in the utilization of the 
nutrients (Gollnick, 1963). 

In determining the effects of exercise upon the energy 
storage within exercised and sedentary rats, the equalization of 
food intake among comparable animals may eliminate some of the 
dietary differences due to differing food intakes. However, as 
the exercised animal tends to consume less food than a control 
animal (Gollnick and Taylor, 1968), it is inevitable that growth 
will be restricted in the control rat (Mitchell, 1964). 

Secord et al (unpublished results) found that liver 
glycogen content in chronic uremic rats tended to be much greater 
than that of normal rats in a pair-fed study. In an attempt to 
determine whether this glycogen deposit was normal or if the 
metabolic responses of the control animals were due to starvation 


or malnutrition, a study was undertaken in which one group of rats 
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was fed ad libitum and one fed the average amount of food consumed 
by the chronically uremic rats (23 - 25 grams/daily). From this it 
was determined that the results were normal with no starvation or 
malnutrition occurring. In later studies, it was determined that 
the chronic uremia in rats disrupted the normal metabolism and 
storage of liver glycogen, causing a deposition of glycogen with a 
greater-than-normal molecular weight which was unable to be 


mobilized by the animal. 


Total Body and Organ Weights 


The functions of various organs during exercise have been 
of interest to many investigators (Donaldson, 1915; Barcroft, 1927; 
Asahina, 1959; Badeer, 1964; Tipton, 1965; Gollnick et al, 1967; 
Bloor, 1968; Saville and Whyte, 1969; Reitsma, 1970). As early as 
1915, Donaldson of the Wistar Institute published a review of the 
total body and organ weight changes due to exercise. This study 
reports that exercise fails to produce an animal larger in bone 
structure. Total body weight may be greater, though body size may 
not be larger, as fat content is less in the exercised animal. 
These findings have also been supported in more recent research 
(Gollnick and King, 1969a; Ostman and Sjostrand, 1971). 

Stevenson et al (1964) found that the animals lost weight 
proportionally to the amount of exercise undergone. Running at 


1 km per hour, 1 hour per day, for four days per week was sufficient 
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to depress the appetite of the rat. Ostman and Sjostrand (1971) 
also noticed a weight loss with exercising animals. 

Heart weights, in general, were seen to increase 
(Donaldson, 1932; Badeer, 1964; Tipton, 1965). Badeer (1964) 
stated this as being due to the increase in the length and the 
thickness of myocardial fibers and the number of sarcomeres. In 
albino rats, conflicting results have been reported for exercise 
effects upon the liver. Bloor et al (1968) noted an increase in 
liver weights with training. Donaldson (1932), on the other hand, 
reported a decrease in liver weight due to the utilization of fat 
from liver storage. Accompanying the lighter liver was a lighter 
spleen. Spleen weights of the rat show a significant decrease 
following exhaustive exercise (Barcroft, 1925; Tipton et al, 1966; 
Gollnick et al, 1967). This has been attributed to the expulsion 
of blood with splenic contractions and possibly to a decrease in 
pressure in the portal vein (Barcroft, 1927). In addition, splenic 
contractions are stimulated neurally (Tipton et al, 1966). Therefore, 
spleen weight changes associated with training may be credited to 
alterations within the autonomic nervous system. 

Kidney and testicle weights increased with exercise, 
according to Hatai (1915). Asahina et al (1959) found similar 
results in the kidney, but found the testicle in rats to be very 


resistant to change due to exercise. 
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Montoye et al (1960) found no significant differences in 
organ weights between exercised and control animals. However, 
differences in training programs must be taken in to account in the 
interpretation of results (Holloszy, 1967). 

An organ reported to undergo cyclic changes with exercise 
is the adrenal. In rats, the stress reaction causes a liberation 
of ACTH to which the adrenals respond with a loss of fat from the 
adrenal storage (Bloor, 1968). Upon adaptation to the stressful 
stimuli, liberation of ACTH is lessened, causing a return to normal 
adrenal weight. However, a slight change in the training program 
or a decrease in adaptation will initiate the recurrence of the 
adrenal weight loss (Selye, 1950). In contrast to this finding by 
Selye is that of many other investigators that adrenals from 
exercised animals are heavier than in sedentary rats (Gollnick et al, 
1967; Bloor, 1968; Ostman and Sjostrand, 1971). Such an effect 
may be due to the increased cortical size as an adaptation to the 


stress of training (Selye, 1950). 


Blood Glucose and Tissue Glycogen 


Most carbohydrates in the diet form glucose or fructose 
once digested. In the liver, fructose is readily converted into 
glucose in man pYior ta utilization. In the rat, fructose can be 
metabolized by adipose tissue, though its process is slower than 


that of glucose. Glucose levels in the blood are regulated closely 
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by the liver, the extrahepatic tissues, and several hormones in an 
attempt to maintain energy sources of glycogen for muscular work in 
the liver and skeletal muscle. The concentration of blood glucose 
is an important determinent in the rate of glucose uptake in the 
liver and other tissues. Glucogenesis occurs in almost every tissue 
of the body, but chiefly in the liver and skeletal muscle which allow 
easy permeability of glucose and subsequent conversion to glucose-6- 
phosphate. This substance is at the junction of glucogenesis, 
glycogenolysis, gluconeogenesis, glycolysis and the hexase-monophosphate 
shunt. A complicated series of enzymatic reactions ensue from this 
junction depending upon the bodily requirements at the time. Reactions 
are normally irreversible, maintaining a balance between catabolism 
and anabolism, and a relatively constant blood glucose level. 

In fasting animals, the blood glucose level is regulated 
by the hepatic glucose release and the peripheral tissue removal of 
glucose (Reichard et al, 1961). In man, during moderate exercise 
at less than 50% of the maximal oxygen uptake, blood glucose levels 
are reported by Hermansen et al (1970) to remain relatively constant. 
The increased hepatic glucose release caused by sympathetic stimulation 
is balanced by an increased uptake by peripheral tissues. However, 
Christophe and Mayer (1958) consider this balance of the blood 
glucose levels to be a poor indication of the carbohydrate metabolism 
during exercise due to the many inconsistencies of glucose permeability 


and the alterations in the blood flow. 
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During short-term maximal work, significantly increased 
levels of blood glucose have been reported. Hermansen et al (1970), 
in a study with successive fatiguing exercise sessions, noted an 
increase of up to 179.3 mg. per 100 mls. of blood after the final 
trial. Levels of up to 200 mg. per 100 mls. of blood have been 
found in glucose infusion studies, with a concomitant fall in muscle 
glycogen that is smaller than normal. Low levels of muscle glycogen 
may facilitate the transport of glucose across the muscle cell 
membranes (Hultman, 1967). These studies involved human subjects. 

In prolonged exercise, blood glucose levels have not been 
found to be consistent. The supply of blood glucose to the central 
nervous system must be continuous, thereby necessitating a blood 
glucose level which does drop below 60 - 70 mg. per 100 mls. of 
blood for an extended period of time (Harper, 1971). Yet, in severe 
prolonged exercise, Hultman (1967) reports a quantitatively small 
production of glucose from the liver, which is, therefore, small in 
comparison to the total carbohydrate utilization. This phenomena is 
attributed to the decreased hepatic blood flow during prolonged, 
continuous severe exercise. Gollnick et al (1967) also found a 
decreased blood glucose level in rats after exhaustive exercise. 
Toward the end of exercise, an increase in the release of liver 
glucose is seen continuing into recovery in humans (Bergstrom and 
Hultman, 1967). 

Pruett (1970b) reported that plasma glucose levels in humans 


may be dependent upon the severity and duration of the exercise. 
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The results of that study suggest that exercise intensities of less 
than 20% of the maximal oxygen uptake may not cause a drop in the 
blood glucose level over a 6-hour exercise session. However, 
exercise intensities of 50% to 70% of the maximal oxygen uptake do 
produce a drop. Hermansen et al (1970) also found lowered blood 
glucose levels following moderate-heavy exercise (50% - 70% of the 
maximal oxygen uptake). 

Liver glycogen levels are observed to undergo diurnal 
variations. For eight hours after eating, liver glycogen content 
increases linearly. After that period, a decrease in liver glycogen is 
nearly linear. It is suggested by Leveille and Chakrabarty (1967) 
that the increase and decrease may be due to the completion of 
intestinal absorption of carbohydrates and to the use of glycogen 
as an oxidative fuel. 

In both humans and rats, the resting muscle glycogen content 
is elevated with training (Golinick et al, 1970; Taylor et al, 1971). 
This is consistent with the hypothesis that the capacity for prolonged 
exercise may be limited by the initial muscle glycogen content 
(Hermansen et al, 1967). However, this increased level of glycogen 
does not seem to be necessary for the increased efficiency obtained 
from training, for trained muscles may adapt to pre-training levels 
of glycogen while maintaining the same exercise capacity of training 
(Proctor and Best, 1932). 

At 25% to 30% of the maximal oxygen consumption, glycogen 


depletion would require eight to ten hours of exercise. Yet, at 


“L 


Wve Yo #bbAvenband setoxove da 
oft ia ‘eauSso bs yan, slnae 
sravatroll Sinetitnka sekanexs asod~2 20: 
ob stecqu negyxo Snmixem aia to ws Udi: Jo eotthensink ‘sntousice 
Ilofé botwor hapod oats (ONS) "te do! menansol quakes soubowg | 
sit 2h SOv = KORY’ sekdsono Waoiiessanabom guivelfor alavel ‘seooulg:!. 


ope 
. (otstqu nsigexo ae 
> 7 » 19 7 
Tunauth ogyahnt ag bevisedo sxe elovel pnogoorly revid 7. 


° 
4 ws ; fh : tes 
jahaaeo ismosyie yovif ,qnims te32e ewod tigie tot vanokjehray | — 7 


ei nagooyia “evil at seaaissb & ,belisg yedd 992A .vitnsat! esesotonk iL 
(veel) (igednrasi) hon sitieved qd bogesggue eb si nent caer 7 
2p noltsiqmo> silt 03 sub. od yen oRnot99b bose sasstont af Jara 
nogooylg te sai af3 a7 bas estayhydudins to noi sqtoeds tentvestas 
ev? svtsshixo as 88). |) 
tig3n6> noyooyig slonum gitktest ond ,a3H7 bas epenudd dant nk ° 
cured, te fe rqiyat (ONC, Late lotnklod) antrtest dadw basovebe aa 
besadtoag yo? vitosqss sds tad ekesdzoqyd of) datw snetaheno9 at obit 
inganno cegooytg olseum lets nt oa yd bodkmbl od yao oeloTexe : 


iageavig Io level boaneront aids ,tsvswol (fae) fe ve * Pabhe! iH 


bininado yaieicidia baasoyomi sid 102 yisaesoen od OF vee Jon bea 


gloves yotniett=v1q 01 Jqeba yoo esfoeum bentay) 101 aalniox? mat | 
galninss 0 Vilonqs2 srlorsxs anes ota gnimtatalen sltdw mane Yo | 

(ECE ,ae0d bap S03003%) -_ 
wagoot!s Hebei ia i oii to hia 02 KeS wh 


12 


75% to 85% of the maximal oxygen uptake level, depletion would occur 
in one to two hours (Hermansen et al, 1967). Exercise intensity 
does not seem to affect the degree of depletion of muscle glycogen. 
Gollnick et al (1967) found resting levéls in man to be approximately 
2.3 g/100g of wet tissue and to approach 0.3 g/100 g wet tissue at 
fatigue. Hermansen et al (1967) found resting values of 1.58 g/100 ¢g 
wet tissue in untrained men with exhaustive values of 0.06 g/100 g 
wet tissue. Trained subjects had initial contents of 1.69 g/100 g 
wet tissue and were exhausted at a level of 0.12 g/100 g of wet 
tissue at exhaustion. 

The disappearance of muscle glycogen follows a triphasic 
curve. Initially, there is a very sharp decrease, followed by a 
steady fall which is said to be caused by a constant use of glucose 
and the production of lactic acid (Bergstram and Hultman, 1967). 

Only at the point where glycogen content is very low does the final 
slow use of glycogen occur. This is due to the increase in the 
hepatic glucose output paralled by an increased fat utilization. 
Recovery from depletion to the basal level is seen within one hour 
post-exercise (Bergstrom and Hultman, 1966b). 

Muscle glycogen concentration in man can be increased 
considerably by the emptying of glycogen stores through exhaustive 
work followed by a carbohydrate-rich diet. On a normal, mixed diet, 
a glycogen content of 1.75 g/100 g wet tissue was seen by Bergstrom and 
Hultman (1966b). An exclusively fat and protein diet, however, will 


result in 0.6 g/100 g caused by a slow, incomplete resynthesis of 
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glycogen (Bergstrom et al, 1967). A carbohydrate diet not preceded 
by an exhaustion of previous glycogen stores will not alter the 
normal concentration, but a muscle group exercised to fatigue prior 
to this diet may show a storage of 3.5g/100 g muscle or greater 
(Astrand and Rodahl, 1970). This seems to be due to the inter- 
conversion of the two forms of glycogen synthetase which is regulated 
in order to hasten glycogen synthesis when the glycogen content is 
low and to inhibit synthesis when the tissue concentration is 
elevated (Saltin and Hermansen, 1967). 

Bergstrom et al (1967) found human subjects on a high 
carbohydrate diet after a severe exercise bout to be able to 
continue at a fixed load surpassing 75% of their maximal oxygen 
uptake for 210 minutes. 80 minutes was the maximal performance 
time at the same fixed intensity following a fat diet. This 
indicates that the initial glycogen content could be a limiting 


factor in the exercise capacity of an individual. 


Blood Lactate 


During exercise, an interplay between oxidative and 
glycolytic metabolism takes place. As the exercise intensity 
increases, so also does the importance of glycogen as an energy 
substrate. At rest and in low intensity exercise, the oxidation of 
pyruvate is maintained. With an increased utilization of glycogen, 


puruvic acid becomes the final hydrogen acceptor through a reduction 
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reaction with NADH, and lactic acid is formed (Stetten and Stetten, 
1960). Dawson et al (1971) consider lactates as an index of anaerobic 
metabolism and possibly as a limiting factor in exercise. As 

blood lactate levels rise, there is a concomitant reduction of both 
plasma free fatty acid and glucose oxidation (Issekutz et al, 1964). 
However, high blood lactate levels are not always parallel to 
glycogen storage depletion. The two are often correlated in fatigue 
following short-term severe exercise, although blood glucose levels 
show no close relation to the levels of lactic acid in the blood 
(Campos at tals 1928/29, Kardsson vet <alig 1971): 

Muscle lactates more closely describe the production of 
energy during exercise. Within 3 minutes of the beginning of 
exercise, blood lactates appear (Strom, 1949). This is due to: the 
formation of lactates in different tissues; the rate of diffusion 
from the muscles; and the rate of utilization and the excretion of 
lactates. Blood acts as a carrier for the lactates, transporting 
them to tissues which may utilize the metabolite (Wasserman et al, 
1965). Griggs et al (1966), for instance, suggest that the myocardium 
may be capable of dehydrogenation of lactates by a non-NAD linked 
enzyme system. Kidneys and liver, though primary locations for 
gluconeogenesis, may also be capable of utilizing lactates. 

At less than 50% of the maximal oxygen uptake, blood 
lactates show a small increase (Knuttgen, 1962). However, as 
exercise intensity increases, so also does the blood lactate con- 


centration. initially. In prolonged exercise, the lactate concentration 
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will decrease after the initial rise (Bang, 1932). The increased 
blood flow over the extended exercise session serves to distribute 
the blood lactates (Rommel and Strom, 1949). Rowell et al (1966) 
found that removal of blood lactate by gluconeogenesis occurred in 
the splanchnic area at a rate of 0.77 + 2.5/2 of the total body 
lactate. Values of less than 70 mg. per 100 mls. of blood have been 
reported by Costill (1970) for exercise of 1 to 2 hours at an 
intensity associated with an increased lactate production. These: 
values, however, were determined with very highly trained subjects. 

In short-term exhaustive exercise, the blood lactate 
levels rise steeply and may approach maximal levels of approximately 
200 mg. per 100 mls. of blood within 3 to 5 minutes after a fatiguing 
session of 3 minutes (Hermansen et al, 1970). 

Evidence that the accumulation of metabolites may 
terminate exercise is as yet unclear. In short-term severe exercise, 
there is a parallel of low plasma glucose and high blood lactate 
levels. However, in long-distance running for instance, muscle 
glycogen may be depleted while blood lactate levels return to near 
resting levels (Costill et al, 1971). End-of-exercise glycogen 
stores may not be a critical factor in determining work capacity. 

It is possible that the initial muscle glycogen content may be more 
significant as the immediately available substrate for the metabolic 
apparatus (Hermansen, 1969). The critical blood lactate level for 
cessation of exercise is dependent upon many factors, such as the 
relative work intensity and the motivation of the subjects (Hermansen, 
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Free Fatty Acids 


At the less severe exercise levels, muscle metabolism tends 
to be oxidative, relying upon lipids for the energy source (Pernow 
and Saltin, 1971). This has been only recently accepted in view of 
the relative participations of glycogen and fat as estimated by 


values for the respiratory quotient (CO produced/0,, consumed) 


2 
(Wright, 1956). In addition, muscle tissues have recently been 
found to contain the necessary enzymes for the oxidation of lipids, 
demonstrating the ability to utilize long-chain fatty acids (Weinhouse 
et al, 1950; Wertheimer and Ben-Tor, 1956). 

At rest, the fat content of plasma in humans is approximately 
2% to 3% (Carlson, 1967). Gollnick et al (1970) reported plasma free 
fatty acid levels of 0.30 Eq/ml of blood for normal sedentary rats. 
Froberg (1971) found values ranging from 0.38 to 0.43 Eq/ml of 
blood for a similar sample. 

The storage of fats is very efficient within the human 
body. Each molecule of fat contains an energy density of approximately 
9 kcal/g, compared with carbohydrates 4 kcal/g, which is stored 
with water, reducing its efficiency as a stored fuel (Krogh and 
Lindard, 1920). Within the fat pad, there is a continual turnover 
of the triglycerides into glycerol and free fatty acids, while there 
are 3 classes of transport of fatty acids, all of which affect the 


plasma content and also the storage of fatty acids. These three 


classes are chylomicrons, lipoproteins, and free fatty acids (FFA). 
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Chylomicrons are the dietary fatty acids which are absorbed from 
the gastro-intestinal tract. Fatty acids transported from the liver 
to the other tissues are carried within the triglycerides of the 
lipo-proteins, the second major class. FFA are the form of fat 
continually being mobilized from the adipose tissue (Froberg, 1969). 
Issekutz et al (1966) state that it is this third class of albumin- 
bound fatty acids which is the important metabolic fuel during 
exercise. 

During light exercise in the post-absorptive state, there 
is an initial fall and subsequent rise associated with the plasma 
FFA due to the facilitation of transcapillary exchange of the fatty 
acids. Such studies have been performed with dogs (Issekutz et al, 
1964) and in humans (Havel et al, 1963). 

The late rise in the plasma FFA level is probably due to 
the stimulation of fatty acid mobilization from the adipose tissues 
by catecholamines (Havel et al, 1963; Gollnick et al, 1970; and 
Taylor, 1972) and growth hormone (Basu, 1960), although various 
hormones of a nonadrenergic nature will also affect lipolysis 
(Collingck ct al. 1970). 

After continued submaximal exercise, plasma FFA values 
above resting levels have been noted (Cobb and Johnson, 1963). 
Issekutz and Paul (1966) determined that oxidation of FFA alone 
could account for a four-fold increase in the energy expenditure of 
exercising dogs. The authors maintain that plasma FFA is a major 


energy source at any exercise level. However, the mobilization 
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of FFA differs from trained to untrained subjects, as the untrained 
subjects tend to incorporate more carbohydrates into metabolism at 
a lower exercise intensity than trained subjects (Issekutz et al, 
1965a; Johnson et al, 1969). 

Maximal exercise, determined as that above 70% of the 
maximal oxygen uptake, utilizes little fat. However, a decrease in 
plasma FFA concentration is seen with an increase in the presence 
of blood lactates (Issekutz et al, 1964). The release of the FFA 
is the system affected by lactates, and the presence of glucose and 
insulin also (Feltz, 1964; Pruett, 1970; Wertheimer et al, 1970). 

Diet is an important consideration affecting the relative 
participation of fats and carbohydrates during exercise. The 
turnover of plasma FFA in fasting and fed humans differs after two 
hours of treadmill walking. The values obtained by Havel et al 
(1963) were 0.35 - 0.48 mEq/ml/minute and 0.57 - 0.64 mEq/ml/minute, 
respectively. Thus the availability of fat as an energy substrate 
may be altered by the type and amount of food intake. Leveille and 
Chakrabarty (1967) found that sedentary rats fed ad libitum stored 
a great deal of muscle glycogen as energy as opposed to animals 
fed once daily. Starved rats (Fabry et al, 1963) modified their 
storage of energy to accomodate greater lipogenesis as a reserve. 

In exercised subjects, Bergstrom and Hultman (1967) 
determined different exercise durations resulting from varying diets. 


A high-carbohydrate diet provided increased muscle glycogen levels 
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along with an increased exercise endurance. A high-fat diet caused 

a decrease in both muscle glycogen values and exercise endurance. 

The high-fat diet does not supply increased FFA for moderate 

exercise and in an exercise session of 50% of the maximal oxygen 
consumption, blood lactates of statistical significance were recorded 


by Pruett (1970b) in humans. 
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CHAPTER ILE 


METHODS AND PROCEDURES 


Forty-six male Wistar rats (Woodlyn Farms, Guelph, Ontario) 
with initial body weights ranging from 160 to 250 grams at eight 
weeks of age were used in this study. The animals were housed in 
individual 7 x 10 x 7 inch suspended cages in an air-conditioned 
room controlled for room temperature (24 +1° C) and a 12-hour 
light-dark cycle (8 a.m. to 8 p.m.). 

The rats were randomly divided into two equal groups: 

Group I was divided into sedentary and exercised pair-fed sections, 
while Group II served as ad-libitum fed sedentary and exercised 
animals. Exercised animals were trained to run on a motor-driven 
treadmill (Quinton Rodent or Collins Treadmill) in daily exercise 
sessions that were progressively increased in speed and duration 
until the animals were able to run continuously for one hour at 26.8 
meters per minute, five days per week, at the end of two weeks. Each 
exercised animal continued at this intensity for a training program 
of 9 — 13 weeks. Mild electrical stimulation (35 or 7Omv) was used 
initially in training the rats to run. Paired controls received 
only the exercise natural for nutrition and excretion. 

A unilateral excision of the right epididymal fat pad was 
performed under ether anaesthesia through the scrotum in five animals; 


three exercised and two controls. Similarly, a bilateral lipidectomy 
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was performed on six animals; two exercised and four controls. A111 
animals were allowed sufficient time to recover from surgery prior 
to the initiation of the training regimen. 

All rats received fresh water ad libitum throughout the 
study. Food was provided ad libitum only during the two-week 
training session, after which all exercise animals received crushed 
food pellets (Ralston Purina Co., St. Louis, Missouri) in a plaster 
feeder attached to each cage. A maximum of 40 grams daily set the 
food limit for the exercised rats. The amount of food for the control 
animals was then determined by the exercised animals (Mitchell and 
Beadles, 1932). Any food spilled by the exercised animal was weighed 
and used in the calculations of food eaten. This feeding schedule 
was maintained for the duration of the exercise program. 

One-half of the exercise animals were sacrificed immediately 
after a fatiguing run. The other exercised animals and all control 
animals were sacrificed at rest. Control animals were sacrificed 
the day following their exercise-paired animal. Total body weights 
were measured on a Triple Balance Beam immediately prior to the 
exhaustive run in the fatigue rats and prior to sacrifice in the 
resting rats. 

At the time of sacrifice, the animals were lightly 
anaesthetized with ether, the abdomen opened, and 8 - 10 mls. of 
blood withdrawn into heparinized syringes at the bifurcation of the 
abdominal aorta. The blood was centrifuged at 2000 rpm for 20 


minutes and the plasma was then removed and frozen in dry ice and 
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alcohol. The whole liver was removed immediately and weighed; a 
small sample of approximately 400 mg was excised, weighed, inserted 
into a screw-top test tube and quickly forzen for glycogen analysis. 
The adrenals, spleen, heart and right kidney were removed and 
weighed. Testicles and epididymal fat pads, when peoeentt were 
removed and weighed. The left biceps brachii and the gastrocnemius 
muscles were removed, weighed and frozen in dry ice and alcohol. All 
tissues and organ weights were measured on a Roller-Smith Precision 


Balance. 


Glycogen Determination 


The method developed by Lo, Russell, and Taylor (1970) was 
used for liver and muscle glycogen analysis. Frozen biceps brachii 
muscles, gastrocnemius muscle, and liver were hydrolyzed with 0.5 mls. 
of 30% potassium hydroxide containing saturated sodium sulfate 
(Na,SO,). In capped test tubes, the tissue samples were boiled for 
20 - 30 minutes until dissolved, then cooled in ice. 

Glycogen was then precipitated by the addition of 0.8 mls. 
of 95% ethanol to the digested solution. After continued cooling in 
ice for one-half hour or longer, the samples were centrifuged at 
840 x g for 20 - 30 minutes. The supernatant was removed and the 
glycogen precipitate was dissolved in 10 mls of distilled water by 
vigorous shaking. From this glycogen solution, 1 ml., 0.5 ml. or 


0.1 ml. of biceps brachii muscle, gastrocnemius muscle and liver 
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respectively was pipetted into a 150 x 20 mm test tube. One ml. 

of a 5% phenol solution was added to the test tube. Then 5.0 mls. of 
a 96% - 98% sulfuric acid (H.S0,) were added rapidly, with the acid 
stream directed at the surface of the liquid to insure proper mixing. 
After standing for ten minutes, the tubes were shaken and placed 

in a 25 - 30° C water bath for 10 - 20 minutes before colorimetric 
readings were taken. 

Triplicate samples were prepared to minimize error due to 
contamination. Absorbance readings were taken at a wave length of 
490 mu on a Beckman DU-2 spectrophotometer. Standard curves were 
determined daily. The glycogen content of the standard was subjected 
to the same phenol and sulfuric acid reactions as the muscles samples 
and the averages absorbance readings were plotted against the amount 


of glycogen used to produce standard curves. 


Blood Glucose Determination 


The GLUCOSTAT method (Worthington Biochemical Co., 
Freehold, N.J.), a prepared reagent for the quantitative, colorimetric 
determination of glucose, was used for the analysis of plasma glucose. 
After thawing, 0.1 ml. of plasma was added to 1.9 ml. water. To 
that mixture was added 1.0 ml. barium hydroxide (Ba (OH).,), and then 
1.0 ml. of zinc sulfate (ZnSo, ) solution. This mixture was then 
shaken and centrifuged at 2000 rpm for 10 minutes to form the 1:40 


blood filtrate. Filtrate or standard was pipetted into labelled 
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test tubes to which the GLUCOSTAT reagent was added at timed 
intervals. After standing 10 minutes, the tubes had one drop of 4N 
hydrochloric acid (HCl) added to stabilize the color. The 
absorbancy of the solutions was read at 400 - 425 mu on a Beckman 
DU-2 Spectorphotometer after setting zero with a reagent blank. 
Measured in milligrams per 100 mls. of blood, glucose was calculated 


in the following manner: 


Au 4 Cs ae, where: A = Absorbance 
& C - Concentration of 
glucose 
s = standard 


u - unknown 


Blood Lactate Determination 


The Sigma Kit method was used to determine blood lactate 
(Sigma Chemical Co., St. Louis, Mo., 1965). Frozen plasma was thawed 
and 0.5 ml. transferred to a test tube containing 1 ml. of cold 8% 
perchloric acid (PCA) in order to precipitate the proteins. After 
standing for five minutes, the tubes were centrifuged at 3000 rpm 
for five minutes to obtain a protein-free filtrate. A reagent 
containing a lactic dehydrogenase (LDH) suspension, glycine-hydrozine 
buffer, B-diphosphopyridine nucleotide (B-DPN), and distilled water 
was mixed in an erlenmeyer flask. 

A series of tubes were labelled, in duplicate, for the 
samples and the standards. To each tube was added a total of 3.0 mls. 


liquid. Animals sacrificed after a fatiguing run were tested with 
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1.0 ml. of the protein-free filtrate and 2.9 mls. of the reagent 
mixture. All other animals were tested with 0.2 mls. of the protein- 
free filtrate and 0.8 mls. of the reagent. The tubes were well 

mixed and allowed to stand for 45 minutes. The optical densities 
were read on a Beckman DU=2 Spectrophotometer at a wave length of 

340 mu. The first tube of the standard curve was used to calibrate 
for zero optical density. The values for the unknowns were extra- 
polated from the standard curve to obtain blood lactate in milligrams 


per 100 milliters of blood. 


Tissue Lactate Method 


The method utilized for tissue lactate was that of Lundholm 
et al (1963). Each muscle sample was homogenized in 29 ml. 6% perchloric 
acid (PCA) per gram for five minutes at medium speed in a Vitris 
Momogenizer. Then, the homogenate was spun down and 1 drop of methyl 
orange added to the decanted supernatant. This was neutralized with 


potassium carbonate (K co.) to a pH of 3.5 and cooled in ice for ten 


2 
minutes. 

The following reagents were brought to room temperature 
before use: 6% perchloric acid (PCA), 5 M potassium carbonate 
(K,CO,), glycine-hydrozine buffer, lactate dehydrogenase (LDH) and 
diphosphopyridine nucleotide (DPN). 

Cuvettes, in triplicate, for the UNICAM SP 1800 ultraviolet 


Spectrophotometer were labelled control and experimental. Control 


euvettes contained 1.35 ml. buffer, 0.15 ml. DPN, 1.50 ml. distilled. 
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Experimental cuvettes contained 1.35 ml. buffer , 0.15 ml. DPN, 
1.40 ml. distilled water, and 0.10 ml. extract. Cuvettes were read 


twice (E,) at 340 mu, three minutes apart to insure stabilization. 


To each experimental cuvette was added 0.02 ml. LDH. On 
completion of the reaction (10 - 20 minutes), the optical density 
(E,) was read twice at three minute intervals. The factor for the 
calculations was 158. Therefore, the mmoles of lactate per gram of 
tissue was calculated in the following manner: mmoles lactate/gram 


of tissue = (E, - E,) x 158. 


Plasma Free Fatty Acid Determination 


Plasma Free Fatty Acid content was assayed by the method 
of Dole and Meinertz (1960). In this assay, duplicated 1.0 ml. 
samples of fresh plasma were removed and added to 5.0 ml. of fat 
extraction mixture composed of heptane, isopropyl alcohol, and 1 N 
sulfuric acid (H,S0,) (10:40:1). The tubes were shaken and allowed 
to stand for about five minutes. Subsequently, 2.0 ml. of water and 
3.0 mls. of heptane were added, the contents shaken, and the tubes 
allowed to stand for ten minutes. Three-milliter aliquots of the 
upper phase was taken and placed in 15 ml. conical centrifuge tubes 
with 1.0 ml. of Nile Blue A. Nile Blue A was used as the titration 
indicator in place of Thymol Blue as it gives a more reproducible 
end-point. The standards were made from recrystallized palmitic 


acid in heptane with a concentration of 0.200 ueq/ml. A blank 
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extract containing 1.0 ml. of water was employed in place of plasma. 
Nitrogen was blown through a column containing sodium hydroxide 
(NaOH) to eliminate carbon dioxide and delivered to the bottom of 
the titration tube through a capillary tube as a means of agitation 


and to prevent the solution from absorbing atmospheric CO. - 


Statistical Analysis 


These data were analyzed using an analysis of variance 
technique with the two-way classification. Differences between 
mean scores were tested with the Scheffe's Multiple Comparison 
Between Ordered Means (Winer, 1971). Differences at the (.05) 


level were considered to be significant. 


esnsttev Yo leteylans we gates hosylans Svew ata sasdt suit a 
jeewied neane1s22id = .notinotireesio yaw-ows of iste ahead 7 
voulsnqmo) sigitiuM e'siledve ori dilw bevees oxew e709 amee 7 7 
(20,) of% 46 espusts9Rid (ITO ,xsatit) consi boxaby0 siiewael 
.Ingolitngte od ot boxsbhenoa s1aw — . ; i 


(ne ae 


CHAPTER IV 


RESULTS 


Sedentary rats fed ad-libitum were significantly heavier 
than the sedentary pair-fed animals at the time of sacrifice. 
Regular endurance exercise retarded the weight gain of the trained 
animals (x 402.6 - 417.1 gm) so that the final total body weights 
of the pair-fed sedentary animals (x 391.6 gm) were similar to the 
ad-libitum trained animals (Fig. 1). 

The weights of several specific organs (Fig. 2 to 6) 
(heart, kidney, testicles, gastrocnemius muscle and bicep brachii 
muscle) were not affected by the exercise. Mildly restricting the 
food intake of the pair-fed sedentary animals had no effect upon 
the final weights of the testicles, epididymal fat pad or gastroc- 
nemius muscle. Pair-feeding did, however, result in decreased 
liver weights (P < 0.05). Exhaustive exercise caused a further 
decrease in liver weights in animals in both feeding programs 
CMa Ge: Tus 

Animals fed ad-libitum demonstrated greater heart and 
kidney weights (P < 0.05) (Fig. 2 and 3) than the pair-fed group. 
Chronically exercised animals did not differ significantly from the 
sedentary animals in heart and kidney weights. The ad-libitum 
feeding program produced larger spleens than did the pair-—feeding 


regimen. Exhaustive exercise resulted in significantly lower spleen 


28 


won: i ft 


lealhehoes fo uml of3 Js alsating Bat~zheq ymainebes a ie | 
faites otf Yo slag oigiow ois hebiniex sajstar'o 92 2 n 
eitigtow ybou: Lwxo3 Lentt oa anda 02 (mg £.SER - 8.508 D2 
03 6) AON saow (my 2.12 Z) olamtin YamtmobHa ott —< 4 : 
A grt)? elanktia bowlers & 


nest 


~ a i 


(6 04 © .§FT) anseie 2titosge faisyse to. attizisw a r 


trdoard qsotd bee sfoeum Su Laoh 307 188g <perstzes) , youl 
offs gnigotadeos uv fh iM saloxas oif7 vd b3s95736 Jon atow leg 
noqu 458t%s om bed elamtas yresiebse bei-theq eft 20 odnant 6002 
=god2eaq to bag dst [nmybibiaqs ,asforiasd oily io atilyrow bent 93 ‘ 
hozasyiyeb of Muyeer ,isvawod , bib gakbssi-tie9 seme ema 
w98tIse2 B beeuRo Jelonexs svIIeEKT .(€0:0 > 4) etitgbow t9vhL 


ru 


7 . 
> 


ambagorg gatben? sdod nt alamion nuk edigtew revit Hi sanstomb | 
0 gt) My 

tne. dabei neana1g botarianomab miskd?i-be bsi 2! aainA 7 wy i 

quoi botmabe« olld tapdd CE bio S ogh), (20.0, > 9), aSrigTOMN me 

iia mond ‘eds 4 inaie wT ib ton bth gishkue beetoioxe ytiephee at 

muse? t=br. ont vay on yorbid bas dager nt alamtste v1056 poe 
print st Bills nH aires qe reatnl beouborq merge a ; one 

no wy te rimsitiade bad ace di cel sai 


29 


FICURE <1 


400 


AS 


PS 


AF 


PF 


AR 


PR 


300 
0 


O 
Al ined 


SWVaD NI LHOIEM AdOd TVLOL YOL SNVAW 


FIGURE 2 


at rt ener 


© 
= 


G 


a 


OT X OW NI LHOIHM LYVaH WO SNVAW 


AS 


PS 


AF 


Pe 


AR 


PR 


© SauDLF 


30 


FIGURE 3 


15 


4 


20t X OW NI SLHOIAM AXYNGIN LHOLIY YOd SNVAW 


AS 


PS 


AF 


PE 


AR 


PR 


FIGURE 4 


a | \ 
ro) Ts) ) 
fat — — 


20l X OW NI SLHSISM HIOILSAL YOA SNVAW 


AS 


PS 


AF 


PF 


AR 


PR 


b AAVOTS 


Ope 


FIGURE 5 


, 


201 X OW NI SLHOITYUM 


HTOSNW SNIWHNOOULSVD YOd SNVAW 


AS 


PS 


AF 


PF 


AR 


PR 


FIGURE 6 


te 
:—_—@, Gare 
au Al at N 
OW NI 


ATOSOW ITHOVYE SdxHOIG YOA SNVAW 


AS 


PS 


AF 


PE 


AR 


PR 


rs | 


= 


~*~ 


ane etiegelirs iy ae vse, 
Te 


32 


FEGURE 7 


20 
15 
10 

S 


SWVaD NI SLHOIAM YAAIT YOA SNVAW 


AS 


PS 


AF 


PE 


AR 


PR 


FIGURE 8 


80 


70 
95 


OW NI SLHOIGM NAXYTdS YOA SNVAWN 


400 


AS 


RS 


AF 


PF 


AR 


PR 


8 SAURTA 


33 


weights (Fig. 8). Ad-libitum fed animals had significantly larger 
adrenals than did the pair-fed rats. Animals engaged in regular 
endurance training had adrenals greater in size than the sedentary 
animals, although exhaustive exercise Fad no effect upon the adrenal 
size (Fig. 9). Neither ad-libitum nor pair-feeding programs 
produced any significant effect upon the epididymal fat pad weight 
(Fig. 10). Trained animals, however, demonstrated lighter fat 

pad wieghts (P < 0.01) than the sedentary animals. Exhaustive 
exercise did not affect the weight of the trained animals' fat 

pads. Bicep brachii muscle weights were significantly lower for 

the animals on the pair-feeding program (Fig. 6). Although neither 
chronic nor exhaustive exercise effects were significant, pair-fed 
animals exercised to fatigue tended to have greater bicep brachii 
weights than either the trained, sacrificed at rest or the sedentary 
animals (Fig. 10). 

Pair-fed animals exhibited lower liver glycogen levels than 
animals fed ad-libitum, although the differences were not significant. 
No differences occurred between trained and sedentary animals (Fig. 
11). Exhaustive exercise produced significantly lower liver glycogen 
levels than thos found in the trained animals sacrificed at rest. 
Gastrocnemius muscle glycogen levels were not affected by diet or 
chronic exercise, however, exercise to exhaustion tended to decrease 
the gastrocnemius muscle glycogen concentration (Fig. 12). The 
pair-fed animals demonstrated higher bicep brachii muscle glycogen 
levels than did the animals fed ad-libitum (Fig. 13). Training, in 


both diet programs, produced higher biceps brachii glycogen levels, 
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although no differences occurred as a result of exhaustive exercise. 
Plasma glucose levels were not affected by diet (Fig. 14). Animals 
sacrificed at rest were not significantly different from sedentary 
animals with respect to plasma glucose. However, animals sacrificed 
after exhaustive exercise had significantly lower plasma glucose 
levels than did the trained animals sacrificed at rest or the 
sedentary rats. 

Gastrocnemius muscle lactates were not significantly 
altered by either diet or exercise programs (Fig. 15). Plasma 
lactates were not affected by the ad-libitum diet program (Fig. 16). 
However, the pair-feeding program did produce significantly higher 
plasma lactate levels for animals exercised to exhaustion with 
respect to sedentary or trained, sacrificed at rest animals. 

Diet did not affect the epididymal fat pad FFA levels 
(Fig. 17). The FFA levels in the fat pads of animals exercised to 
exhaustion were significantly greater than those of sedentary or 
trained, sacrificed at rest animals. No plasma FFA differences 
were noted between resting, trained animals and sedentary animals 
on the pair-feeding program (Fig. 18), although exhaustive exercise 
produced much greater plasma FFA levels than did regular training 
alone. The ad-libitum feeding program produced the following 
significant differences in plasma FFA: 

a) resting trained animals had lower FFA levels than 

those exercised to exhaustion. 

b) animals exercised to exhaustion produced higher levels 


than the sedentary animals. 
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ec) trained animals sacrificed at rest had higher levels 


than the sedentary animals. 
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CHAPTER V 


DISCUSSION 
Total Body Weights and Organ Weights 


Research on the alterations of total body weight resulting 
from different diets and exercise programs is conflicting. Gollnick 
(1963), Stevenson et al (1964) and Bloor et al (1968) have reported 
that trained animals gain less weight than sedentary control animals. 
However, Hatai (1915) found that exercise produced a larger, heavier 
rat. Stevenson et al (1964) determined that the animal lost weight 
proportionally to the amount of severe exercise. Running one km 
for one hour daily, four days per week, was sufficient to markedly 
depress the appetite of the animal. However, according to Thomas and 
Miller (1958), an increased food consumption on rest days was found 
to stabilize the weights of chronically exercised rats. 

The results of this study concur with the findings of 
Gollnick (1963), Stevenson et al (1964) and Bloor et al (1968) that 
a decrease in the total body weights of the exercised animals occurs 
in comparison to the ad-libitum fed sedentary rats. The pair-fed 
sedentary animals were found to have weights less than those of the 
trained animals. Gollnick (1963), employing the group pair-feeding 
technique, found similar results and suggested that although the 
diets were theoretically isocaloric, the weight discrepancy was 


probably due to a difference in the available mobilizable energy 
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sources. The retarded weight gain in the exercised animal body 
weights were due to a decreased caloric intake and an increased 
calorie expenditure. 

Mitchell and Carmen (1926), in some of the earliest studies 
involving food equalization among different groups of animals, 
maintained that animals of the different groups may gain approximately 
similar weights over a specified period of time, resulting in varied 
body compositions depending upon the energy requirements of the 
organisms. In this experiment, the pair-fed sedentary animals were 
found to weigh less than their exercised pairs. Donaldson (1932) 
found exercised animals to have less total body fat than the sedentary 
rats. Similarly, this experiment found epididymal fat pad weights to 
be significantly greater in sedentary rats of both feeding programs. 
The pair-fed sedentary rats had epididymal fat pad weights similar 
to those of the ad-libitum-fed sedentary rats, although their total 
body weights were less. The storage and composition of adipose 
tissue in ad-libitum sedentary animals may differ from that of pair- 
fed sedentary animals as a result of tissue requirements. Animals 
on a dietary program limiting feeding to a restricted time period 
daily (approximately one to two hours) are found to have an increased 
cell proliferation of adipose tissue (Hollifield and Parson, 1962; 
Tepperman and Tepperman, 1964 and Allman et al, 1965). In addition, 
Tuerkischer and Wertheimer (1942) have reported an increase in adipose 
tissue glycogen due to semi-starvation in laboratory rats. These 
findings may explain the proportional increase in epididymal fat pad 
weights of pair-fed sedentary rats in relation to the ad-libitum 


sedentary animals. 
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Liver weights may be altered as a result of diet and 
exercise. Donaldson (1932) reported a decrease in liver weight due 
to fat utilization after chronic exercise. Bloor et al (1968) 
conversely noted an increase in liver weight, which was interpreted 
as an increase in the liver glycogen content. Hatai (1915) also 
found an increase in liver weight due to exercise. In this study, 
decreased liver weights were noted for all pair-fed groups in 
relation to the ad-libitum fed group. There was also a decrease in 
the weights of heart, kidney, spleen, adrenal and bicep brachii 
muscle. It is possible that the alteration in feeding pattern from 
ad-libitum feeding during training to pair-feeding throughout the 
experimental period disrupted the normal feeding pattern to a 
permanent extent. However, Florence and Quarterman (1972) maintain 
that approximately two to three weeks is sufficient time for a 
laboratory rat to adjust to a newly-imposed feeding pattern. Also, 
it is possible that the random division of rats into feeding groups 
was unintentionally biased toward lighter rats in the pair-—feeding 
group. In this study, liver weights were lighter in animals sacrificed 
after an exhaustive run than in sedentary animals and a significant 
decrease may be due to the acute exercise. Rowell (1971) suggested 
that this may be due to the decreased hepatic circulation during 
exhaustive exercise. As well, the decreased glycogen stores could 
account for a proportion of the weight loss with exhaustive exercise. 

Heart weights in these experimental animals were not 


significantly different among the groups. Kidney and testicle 
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weights, as reported in the literature, were found to extremely 
resistant to exercise-induced change (Hatai, 1915). 

Spleen weights have shown fairly consistent decreases with 
exhaustiveexercise (Barcroft,;. 1925; Gollnick:et: al, 1967) «In 
this study, both groups of animals sacrificed at exhaustion had 
significantly lower spleen weights than did the animals sacrificed 
at rest. The changes due to training alone seem to be unimportant. 
However, exercise to exhaustion does cause an expulsion of red blood 
cells and the spleen may remain contracted for a considerable period 
of time following exercise (Barcroft, 1929/30). 

Adrenal weights were affected by exercise. According to 
the Selye stress theory, stress produces an increased ACTH secretion 
which in turn causes a loss of cortical lipids and a hypertrophy of 
cortical cells during the adaptation to training (Selye, 1950). 
Hearn and Wainio (1956) and Ostman and Sjostrand (1971) both found an 
increase in the adrenal weights of trained animals. Significant 
differences between the resting trained and sedentary animals were 
also noted in the present study, however, trained exhausted animals 
were intermediate to these groups and not significantly different 
from either. 

Gastrocnemius and biceps brachii weights were not affected 
by training or by exhaustive exercise. The results in this study 
concur with those of Murray et al (1973) who found no increase in 
carcass muscle of exercised pigs and with Hearn and Wainio (1956) 


who reported no hypertrophy of gastrocnemius muscle in rats running 
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on a similar program. Saville et al (1969), however, found both an 
increase in bone density and muscle hypertrophy induced by exercise 
training in rats. The lack of skeletal muscle hypertrophy in the 

present study is undoubtedly due to the continuous type of exercise 
(isotonic) which does not result in muscle hypertrophy. Whereas the 
difference in the exercise regimen in Squille's study could expiain 


for the increased size of the musculature. 


Plasma Glucose and Tissue Glycogen 


Variations in plasma glucose are due to the differences in 
rates of hepatic glucose release and peripheral tissue removal 
(Reichard et al, 1961). Difficulty occurs in determining the turnover 
rate of glucose as the plasma concentration remains fairly constant. 
However, it seems lilely that peripheral removal of glucose is the 
limiting factor in determination of plasma glucose levels. The 
increase in circulating catecholamines with exercise, according to 
Hermansen et al (1970), may also contribute to the increase in plasma 
glucose, although catecholamines are not necessary for the control of 
glycogenolysis during exercise (Gollnick et al, 1970). As utilization 
of energy sources during exercise fluctuates depending upon the 
severity and duration of the exercise, it is important to consider 
the effects of exercise upon the mobilization and interactions of 
the various substrates. The commencement of moderate exercise 
produces transient increases in plasma glucose and lactate concomittant 
with the inhibition of FFA mobilization. Glycolysis provides the 


major energy source. As moderate exercise continues, blood glucose 
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and lactate levels are shown to decrease (Gollnick et al, 1970; 
Hermansen et al, 1970 and Dawson et al, 1971) as the exercise becomes 
increasingly oxidative. Hermansen et al (1970) found marked changes 
in plasma glucose levels in humans; prolonged exercise at 50% to 
70% of the maximal oxygen consumption was seen to decrease the blood 
glucose concentrations. Prolonged exercise of 75% to 80% of the 
maximal oxygen consumption produced no change in blood glucose 
levels in humans. Results from the present study indicated a 
significant decrease in plasma glucose levels following exhaustive 
exercise of two to two and a half hours' duration. In relation to 
the values of those animals sacrificed at rest, the values for 
animals sacrificed following exhaustive exercise are in the proper 
proportion. However, the raw data demonstrates individual values for 
animals sacrificed at rest in the range 100 to 200 mgZ. It is more 
likely that these values are the result of incorrect measurement, 
as the literature is consistent in its reports of values for this 
condition being approximately 30 mg%Z regardless of the training 
program. 

This exercise-induced hypoglycemia is caused by the 
increased uptake of glucose in the working muscle. Goldstein (1961) 
reported that an increased glucose transport system seems to exist 
humorally across the sarcolemma with increased energy requirements 
due to muscular contraction. The release of glucose from the liver 
is increased as exercise becomes progressively more difficult. 


Hultman (1967) and Hermansen et al (1970) have both suggested that 
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this could be due to the conversion of lactates to glucose within 
the liver as an adaptation to long-term exhaustive exercise. 

Liver glycogen stores are in a state of constant flux due 
to the process of plasma glucose homeostasis (Mitchell, 1964).. Liver 
glycogen stores serve as the immediate source of energy to maintain 
necessary sources of available energy supply. Mobilization of 
glucose from liver glycogen is stimulated by the circulating 
catecholamines during exercise (Harper, 1971). Results from this 
experiment correlate well with the literature, indicating a decrease 
in the liver glycogen levels following prolonged exhaustive exercise. 
Animals sacrificed at exhaustion in this study demonstrated liver 
glycogen values approaching depletion as has been previously observed 
(Taylor et al, 1973). 

Muscle glycogen values were not affected significantly 
by exercise. Recent literature with human subjects has reported 
that the resting muscle glycogen values may be decisive in determining 
the maximal exercise time (Ahlborg, 1967 and Hermansen et al, 1967). 
Glycogen depletion occurs in a triphasic pattern. A rapid initial 
utilization associated with an increased production of lactate is 
followed immediately by a plateauing in the utilization of glycogen. 
The final phase is a slow, steady fall to a very low glycogen 
content (Hultman, 1967). This final slow depletion of muscle 
glycogen may be due to a decreased blood flow to the working muscle 
due to the increased contractions and pressure upon the capilaries. 
In addition, there is an increase in lipolysis in the working muscle. 


In the current study, gastrocnemius muscle glycogen and biceps 
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brachii muscle glycogen showed no significant decrease due to 
exhaustive exercise. However, a tendency toward depletion was 
noticed for gastrocnemius muscle glycogen. Glycogen content of 

the bicep brachii muscle of sedentary animals tended to be less 

than that of the trained animals. Taylor et al (1971) have reported 
that chronically exercised humans incorporate more glycogen in the 
trained muscle tissue than do untrained humans. Costill et al (1971) 
stated that substantial quantities of muscle glycogen were found 

in highly trained runners after either prolonged or short exhaustive 
exercise sessions; it was suggested that glycogen depletion was 

an unlikely explanation for the fatigue experienced by these subjects. 
The differences between humans and rats may be due to: genetic 
differences; the metabolism of FFA by the rats during steady state 
exercise; and, the differences in skeletal muscle fiber types being 


utilized. 


Plasma and Muscle Lactate 


Plasma and muscle lactate levels are indicative of the 
extent of glycoltic metabolism. In moderate exercise, an initial 
period of increasing lactate followed by a net utilization is seen 
(Dawson et al, 1971). Increased muscle lactates precede the increase 
in plasma lactates due to the time lag between muscle lactate 
production and diffusion of lactate into the circulation. The 
decline of plasma lactate is prolonged moderate exercise can be 


interpreted as a utilization of lactate by the myocardium (Griggs et al, 


lo jnsanes asgesvid .asgoovlg 


| | 7 
beixoqsr oved (INO!) La 39 tolyeT .elsmbns bomts12 eft Yo jada onda 
ond ak nogooyly stom s2ex0qxoont ensmud beetosexs viinotmosios sais i 
(IV@f) [fa to Ift2309 .enemued podhihaiir ob nett svaat? efoeum benke13 ie 


bruyo? stow mazooyig sloaum to eeisksasup Lstinetedva Jed2 besede rie 
‘ 


avissvatixe tore vo bsgaoferq 193i 19138 erenaus bonksr2 vidgtd at Aus 


ae torletdah mugoayio sed2 badesgque esw 2 yanokesss eetotexs. ; 7 

-otobtiva opeta qd booastrsqx sugtici sfd tot nobsansiqxs yisdhiav as . 
yizesen 03 cub sd vam ese1 bons enamel asswied eeanets8ttb edt . 

sind vbeote anteyb weiay sda yd ATT lo mebiodsijem o7i3 peeonsrs?aib 


stile’ asqri yedri oiovym Letoleda nt assnstetirh ett ,bas :oekorexs 


sje630ed sforuM ban eemanlt 


i 
es 30 avitsckbni ota elovel steszonl afoaym bns sweet 


[eitint as ,seho1sxs stersbom al .mekfodetem ofifooylg - suas 


naee 2 nolsosiliay sen 6 yd hewolfo? sdciges te gnieses1zant e weeae 5 ‘a 


seestoni- oj sboosrq asision!l aloaum bonnes + €IVeL is 19 pees : 
| oem, ut 
staal oloaum nsov2ed gal omts sit of avb evtusost payers tye 


‘out: hdres sce oda osnky neers Yo Fiarhe tne bas 
5 j 7 ba 
sd neo iaets S'3ersbom bongotong wt ‘a soacans nmol 3 


116 6 egeir9) ar canes ait “wl stedonl to. : rr ft 


49 


1966) and the metabolism in the Cori Cycle in the liver (Hultman, 

1967 and Hermansen et al, 1971). The disappearance of lactate from 
the blood during prolonged exercise is a function of time (Crescitelli 
and Taylor, 1944). The present study found no differences in plasma 
or muscle lactate between the sedentary or trained animals on the 
ad-libitum feeding program. However, the pair-feeding program 
produced significant differences between the trained animals sacrificed 
at rest and those sacrificed at exhaustion. Exhaustive exercise 
caused a significant increase in the plasma lactate level of pair-fed 
animals. Technical error may account for the unusual inconsistency 

in the present data. If the extremely divergent values are excluded 
from the analysis, the results would more closely approximate those 


o£ the literature. 


Free Fatty Acids 


The importance of FFA in exercise has been well-documented 
(Gollnick et al, 1970 and Pernow and Saltin, 1971). Changes in the 
plasma FFA levels indicate only an imbalance between FFA mobilization 
from adipose tissue and the removal by the working muscle (Issekutz 
et al, 1966). Plasma FFA levels seem to be controled by the release 
rather than the uptake of FFA (Issekutz, 1966). Lipolysis is 
regulated in part by tonic control by the nervous system; in all 
likelihood the norepinephrine is released from the nerve endings 
(Engel et al, 1960 and Taylor, 1972). Taylor (1972) also supported 


the finding that catecholamines are rapid mobilizers of FFA. As 
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lactate levels rise, there is a concomitant reduction of plasma 

FFA turnover (Issekutz, 1964). Initially in exercise, a decrease 

in the plasma FFA concentration is often reported. This results from 
an increased blood flow to the working muscle and the consequent 
removal of plasma FFA; therefore, a decrease in mobilization is not 
necessarily the cause of the initial lag in plasma FFA concentration 
(Carlson and Pernow, 1961). Pruett (1970b) reported that exercise 
intensities of up to 70% - 80% of the maximal oxygen uptake activate 
agents increasing the plasma FFA level, thus increasing the substrate 
availability as exercise. Increases in exercise intensity result in 
a larger proportion of the energy derived from the glycolytic pathway, 
thereby inhibiting the mobilization of FFA. However, even at 

maximal intensities, energy provided by lipolysis may still produce 
10% of the metabolic demand (Pruett, 1970a). 

Taylor et al (1971) determined that FFA oxidation is the 
primary energy source for exercise intensities up to 50% of the 
subject's maximal oxygen uptake. Gollnick et al (1970) suggest that 
FFA is utilized as a primary energy source between 25% and 90% of 
the maximal oxygen uptake. Engel and White (1960) found evidence that, 
under certain conditions, excessive or persistent accumulation of 
FFA within the adipose tissue may eventually lead to an inhibition 
of glucose uptake, perhaps by altering the pH or the physical 
properties of the cytoplasm. The results of this study concur with 
the literature (Issekutz, 1964 and Taylor, 1972) that the plasma and 


fat pad FFA levels were significantly elevated by exhaustive exercise. 
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CHAPTER VI 


SUMMARY AND CONCLUSIONS 


Fifty-four male Wistar rats were used to determine the 
effects of pair-feeding upon the storage and mobilization of energy 
sources of trained and sedentary rats. 

The animals were randomly divided into two equal groups: 
Group I was divided into exercised and sedentary pair-fed groups 
while Group II served as ad-libitum fed, exercised and sedentary 
animals. Exercised animals were trained to run on a motor-driven 
treadmill by progressively increasing the speed and duration of the 
daily exercise session until they were capable of running continuously 
at 26.8 meters per minute, for one hour, five days per week. Each 
exercised animal continued to run at this intensity and duration for 
an additional nine to thirteen weeks. Approximately one-half of the 
exercised animals were sacrificed immediately after an exhaustive 
run of two to two and half hours' duration. All other animals were 
sacrificed at rest. 

Analysis of results indicated that chronic moderate exercise 
had little effect upon organ weights, glycogen storage, and FFA 
concentrations. Slightly increased adrenal weights and greatly 
decreased epididymal fat pad weights were found in the chronically 
exercised rats. Exhaustive exercise resulted in a decrease in spleen 


and liver weights, decreased liver glycogen levels, and increased 


plasma and tissue FFA concentrations. 
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Pair-fed animals demonstrated significantly reduced total 
body and organ weights as compared to the ad-libitum fed animals. 


No additional dietary effects were noted. 


Conclusions 


Within the limitations of this study, it can be concluded 
that pair-feeding of exercised and sedentary rats does not significantly 


alter the storage and mobilization of energy sources. 
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Group 
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Pair-fed, sedentary 
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TABLE 2 


MEANS FOR TOTAL BODY WEIGHT 


IN Gms 
EXERCISE 
Diet R F S 
* 

P 402.6 408.1 391.6 

+28.8 or 8. +10.4 
A 416.6 rs La pee 5 

ppl Solr | nag ae, +11.0 


* 
means + standard error of the mean 


LEGEND FOR ALL TABLES IN APPENDICES B, C, D 


Diet: P - pair-feed 
a — ad-libitum 


Exercise: R - trained, sacrificed at rest 


F - trained, sacrificed at fatigue 
S - sedentary 


TABLE 3 


MEANS FOR LIVER WEIGHTS 


IN Gms 
EXERCISE 
Diet R F S 
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A Lae 7 Shs! Lost 

+0.8 +0..9 +Omo 
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TABLE 4 


MEANS FOR HEART WEIGHTS 


IN Mg 
EXERCISE 
Diet R F S 
k 

P OZ Ga L256 936.9 
Tle +67.5 +24.5 
A UN ok ot 112053 1O95).6 
+ 34.3 + 48.6 ae 


* 
means + standard error of the mean 


TABLE, 25 


MEANS FOR RIGHT KIDNEY WEIGHTS 


IN Mg 
EXERCISE 
Diet R F S 
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P 1396.01 1312.48 iss as 
+ 76.51 + 25.88 + 42.38 
A 1411.45 1393.68 1353.29 
+ 43.14 + 77.84 + 29.64 
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means + standard error of the mean 
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TABLE, 6 


MEANS FOR SPLEEN WEIGHTS 


IN Mg 
EXERCISE 
Diet R F S 
x 

P OL. 464.9 6274.0 

H1Z8,.7 +54.1 +138.0 
A 667,..0 484.1 Th Uromal 

+48.8 +24.1 wedge, 


means + standard error of the mean 


TABLE 7 


MEANS FOR ADRENAL WEIGHTS 


IN Mg 
EXERCISE 
Diet R F S 
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TABLE 8 


MEANS FOR TESTICLE WEIGHTS 


IN Mg 
EXERCISE 
Diet R F S) 

* 

B 1474.1 1483.4 1477.4 

at Zia +. 26.8 +748 07 

A 1546.6 1363.4 iS ERI 

5 a6 sac cor sa ee) 
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means + standard error of the mean 


TABLE 9 


MEANS FOR FAT PAD WEIGHTS 


IN Mg 
EXERCISE 
Diet R F S 
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P 1564.0 L234 2696.4 
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A 1894.0 S050 2454.0 

+104.8 +240.5 +133'.8 
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means + standard error of the mean 
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TABLE 10 


MEANS FOR GASTROCNEMIUS MUSCLE WEIGHTS 


IN Mg 
EXERCISE 
Diet R F 5 
k 

P 1936.07 OTe 2. 1951.09 

+109'.09 + 36073 Sree 7 
A 1991.69 1856.80 2412708 

nee 105 +183.62 Ota. 
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means + standard error of the mean 
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MEANS FOR BICEPS BRACHII MUSCLE WEIGHTS 
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AB Ieee LZ 


MEANS FOR LIVER GLYCOGEN 


IN MgZ% 
EXERCISE 
Diet R F S 
k 

p 34.8 01.3 S6nel 

+05.0 +00.2 +00.2 
A 40.7 1053 3055 

+04.6 +04.6 +03.1 


x 
means + standard error of the mean 
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TABLE 14 


MEANS FOR BICEPS BRACHII MUSCLE GLYCOGEN 


IN MgZ 
EXERCISE 
Diet R F S 
P 1.76 1.91 spay! 
+0.39 41.12 +0.27 
A ee 1.48 o225 
+0.63 +0.50 +0.23 


x 
means + standard error of the mean 


TABLE 15 
MEANS FOR GASTROCNEMIUS LACTATE 


IN uEq/gm OF WET TISSUE 


EXERCISE 
Diet R F S 
* 
P 58.00 49.33 63% 75 
+8. 31 +900 +4.01 
A DZD 61.00 60.11 
+6.58 +8 .84 +379 


x 
means + standard error of the mean 
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TABLE 16 


MEANS FOR PLASMA LACTATE 


IN uEq/ml 
EXERCISE 
Diet R F S 
* 
P Sabeae 132.2 357.6 
+3.9 +17.3 $2.7 
A 1075.8 66.8 Sey 
+3959 +333 +3.6 


* 
means + standard error of the mean 


TABLE. 17 


MEANS FOR FAT PAD FREE FATTY ACID 


IN uEq/gm 
EXERCISE 
Diet R F S 
2 204 7207 ple) 
+0.13 +0.26 +0.08 
A 2 62/7 2.16 
+024 +0. 66 +0.09 


means + standard error of the mean 
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TABLE 18 


MEANS FOR PLASMA FREE FATTY ACIDS 


IN uEq/ml 
EXERCISE 
Diet R F S 
* 
P 0), 27/3} 0.609 0.289 
+0.020 +0.090 +0.010 
A Ones OR652 0.208 
+0.010 +0.030 +0.010 
means + standard error of the mean 
TABLE 19 
MEANS FOR PLASMA GLUCOSE 
IN MgZ 
EXERCISE 
Diet R F S 
* 
P WP2 3 62.4 oes 
geet io +14.9 + 11.3 
A 7/8 100.6 a8 15 
2a SD +2814,9 + 5.3 


means + standard error of the mean 
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TABLE 20 


SHEFFE MULTIPLE COMPARISON BETWEEN ORDERED MEANS: EFFECT OF EXERCISE 


VARIABLE GROUPS 
Trained Trained 
rest fatigue Sedentary 
LIVER WEIGHT; 13.5 12.4 14.9 
means (gm) 
1 1.6168 1.9463 
fk 
2 3.8002 


* 
t(0.05)>2.509 
5080135321597" 


SPLEEN WEIGHT; G47 eel A74.5 667.8 
means (mg) 
KK 
4.11284 O27 321 
kk 
2 5.4738 


* 
t(0.05)>2.5179 | 
£(O,01) 23.1654" 


LIVER GLYCOGEN ; SY ois} 5.8 B3e3} 
means (MgZ) 
dk 
1 6.5208 1.1280 
kek 
Z 6.5626 


x 
t(0.05)>2.509 
(a € OTIC aN esis rah Ree) 


Source 


Diet 
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Diet 
Error 


Diet 
Preror 


Diet 
iieraey a 


Diet 
Error 


Diet 
Error 


ss 


-8769375E 
pie SLOIZE, 


-1815834E 
-8290400E 


.1313848E 
-6793800E 


.1570388E 
-4744875E 


.1066727E 
» 3151200E 


-5523634E 
-6718400E 


TABLE 24 


DF 


KIDNEY WEIGHTS 


1 


58 


HEART WEIGHTS 


L 
58 


ADRENAL WEIGHTS 


a2 


LIVER WEIGHTS 


58 


SPLEEN WEIGHTS 


1 
a fe 


oS 


0. 
0. 


MS 


-8769375E 
~215/D20E 


.1815834E 
~1429379E 


.1313848E 
L191 8955 


-1570388E 
. 3889241E 


-1066727E 
-5433103E 


5523634E 
1221527E 
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ANALYSIS OF VARIANCE OF SIMPLE MAIN EFFECTS FOR DIET 
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TABLE 22 


ANALYSIS OF VARIANCE OF SIMPLE MAIN EFFECTS FOR EXERCISE 


Source SS DF MS E 
PLASMA GLUCOSE 
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PRIMARY MAIN EFFECTS FOR SIGNIFICANT DIET AND EXERCISE INTERACTIONS 
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TABLE 30 


BLOOD LACTATES, GLUCOSE AND FREE FATTY ACIDS AND FAT PAD FREE 


FATTY ACIDS FOR GROUP PR 


LACTATES FREE FATTY ACIDS GLUCOSE 


Rat No. Plasma Plasma Right Left Plasma 
mg% uEq/ml Fat Pad Fat Pad mgZ 


uEq/g uEq/g 
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BLOOD LACTATES, GLUCOSE AND FREE FATTY ACIDS AND FAT PAD FREE 


FATTY ACIDS FOR GROUP PS 


LACTATES FREE FATTY ACIDS 


Plasma Plasma Right Left 
mgZ% uEq/ml Fat Pad Fat Pad 
uEq/g uEq/g 
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TABLE, 22° (Cont ‘d) 


BLOOD LACTATES, GLUCOSE, FREE FATTY ACIDS AND FAT PAD FREE 


FATTY ACIDS FOR GROUP PS 


LACTATES FREE FATTY ACIDS GLUCOSE 


Plasma Plasma Right Left Plasma 
mgZ uEq/ml Fat Pad Fat Pad mg% 
uEq/g uEq/g 
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TABLE 33 


BLOOD LACTATES, GLUCOSE, FREE FATTY ACIDS AND FAT PAD FREE 


FATTY ACIDS FOR GROUP AR 


LACTATES FREE FATTY ACIDS GLUCOSE 


Rat No. Plasma Plasma Right Left Plasma 

mg% uEq/m1 Fat Pad Fat Pad mg% 
uEq/g uEq/g 
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TABLE 34 


BLOOD LACTATES, GLUCOSE, FREE FATTY ACIDS AND FAT PAD FREE 


FATTY ACIDS FOR GROUP AF 


LACTATES FREE FATTY ACIDS GLUCOSE 


Plasma Plasma Right Left Plasma 
mgZ uEq/ml Fat Pad Fat Pad mgZ 
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TABLE 35 


BLOOD LACTATES, GLUCOSE, FREE FATTY ACIDS AND FAT PAD FREE 


FATTY ACIDS FOR GROUP AS 


LACTATES FREE FATTY ACIDS GLUCOSE 


Rat No. Plasma Right Left Plasma 
mg% Fat Pad Fat Pad mg% 


uEq/g uEq/g 
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BLOOD LACTATES, GLUCOSE, FREE FATTY ACIDS AND FAT PAD FREE 


FATTY ACIDS FOR GROUP AS 


LACTATES FREE FATTY ACIDS GLUCOSE 


Rat No. Plasma Plasma Right Left Plasma 
mg% uEq/ml Fat Pad Fat Pad me% 
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112 90 | OF 25 2.41 2.00 138 
is tas) On sie7. Zeck Zande 158 
114 31 OFS aly 2.14 vagy B's 142 
fa es ZL 0.316 De Lok 121 
116 a9 0.302 1.82 we LG 131 
i | 30 OFo30 - - 142 
L138 one 0.300 eo 7 1596 163 
A 53 0.278 17 i933 3 
120 es) 0.264 hoe 187 126 


Lod 20 0.341 rape He 2.04 137 


agi? Cad TAT OMA\2GE9A FTTAY GAT .RBOIGUD ,2ATATOAT COOK 
ek ‘siOKS oT aniKoAAyrtAA 


aBdogdy aqtoA YTTAT BaRT 


+ 


Co 


aneel'l — Styl ingra pace Pb 
‘Tye ba) 227 bet 38t a\ pan 
g\ pau a\pau 


Beis st Fi 


| 
| 
| 
| 
| 
| 


ie) 


TABLE 36 


TISSUE GLYCOGEN AND LACTATE FOR 


GROUP PR 


GLYCOGEN LACTATE 


Rat No. Liver Gastrocnemius Biceps Gastrocnemius 
me% me% me% umoles/gm 
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TISSUE GLYCOGEN AND LACTATE FOR 


GROUP PF 


GLYCOGEN 


Gastrocnemius Biceps 
mg% mgZ 
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TABLE 38 


TISSUE GLYCOGEN AND LACTATE FOR 


GROUP PS 


GLYCOGEN LACTATE 


Liver Gastrocnemius Biceps Gastrocnemius 
mgZ mgZ mg% umoles/gm 
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TISSUE GLYCOGEN AND LACTATE FOR 


GROUP PS 


GLYCOGEN 


Gastrocnemius Biceps 
mg% mg% 
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TABLE 39 


TISSUE GLYCOGEN AND LACTATE FOR 


GROUP AR 


GLYCOGEN LACTATE 


Rat No. Gastrocnemius Biceps Gastrocnemius 
me% mg% umoles/gm 
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TABLE 40 


TISSUE GLYCOGEN AND LACTATE FOR 


GROUP AF 


GLYCOGEN LACTATE 


Rat No. Gastrocnemius Biceps Gastrocnemius 
mg% me% umoles/gm 
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TISSUE GLYCOGEN AND LACTATE FOR 


GROUP AS 
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